The purposes of this study were to determine the influence of a jumping training protocol, using the weighted rope, on lower extremity visual and auditory reaction time performance in adolescent taekwondo (TKD) athletes. Twenty-two elite taekwondo athletes were randomly divided into two groups: the weigthed rope-trained (WRT) group (n = 11) and the control group (n = 11). Subjects in WRT group had jumping training 3 times a week for 12 weeks in addition to the routine taekwondo training program. The control group had no any training protocol in addition to the routine taekwondo training program. The visual and auditory reaction time performances of the subjects, both dominant and non-dominant legs were assessed with the Optojump System. The results of Paired Simple T test showed that the WRT decreased both the visual and the audiotory reaction time of non-dominant leg from pre to post-training (p=0.00, p=0.01 respectively). Although the pre-training audiotory and visual reaction times of dominant were similar between the groups (p>0.05), the post-training visual reaction time of dominant leg was significantly lower in the WRT group compared to control group (p=0.01). This study demonstrates that the weighted rope training program is effective in decreasing the reaction time in dominant and non-dominant leg. It is suggested that the WRT can be applied as an effective exercise program for enhancing visual and auditory reaction time performance.
INTRODUCTION
Taekwondo is one of the most systematic Korean martial arts and fighting sports that has an international fame. Taekwondo, which has been shown among Olympic sports since 2000, is a common sport among young people and children in the world (8, 5) .
The number of studies that focus on the physical and physiological levels required for Taekwondo's high-performance matches is quite high (4, 15, 7) . The presence of fast, high-intensity strokes as well as less severe movements in TKD, requires improvement of aerobic physical fitness, in addition to anaerobic physical fitness. Factors related to physical fitness such as agility, quickness, durability, flexibility, reaction are very important in TKD, where more than 90% of the points are based on the kicking strength and endurance of the lower extremity (16) . During a TKD event, the average number of heartbeats may correspond to 85% of the maximum number of heartbeats (3, 11) . This is very important in order to optimize the short burst of maximum power bursts of the anaerobic metabolic pathway during the TKD event (1, 12) . For this reason, it is very important to plan TKD training to train top-level athletes from young age (2, 15) .
Rope jumping requires the coordination of various muscle groups in order to be able to maintain rhythmic movements which are an integral part of exercise. Rope exercises are performed for the development of lower extremity strength, endurance, coordination and dynamic balance (13) . In addition to Rope training, weighted rope training now also gains importance in terms of improving athletic performance. weighted rope exercise aims the development of the upper extremity in addition to improving lower extremity strength, coordination, reaction and anaerobic power performance (14) .
The limitations of studies on weighted rope in TKD, where anaerobic performance and reaction are 
MATERIAL AND METHOD
Study was realized with the voluntary participation of total 22 professional adolescent taekwondo players had played experiencedtaekwondo for at least 4 and whose ages vary between 15 and 17. Athletes were randomly separated into two groups being weighted rope training (WRT) (n=11) and control (n=11) groups. After preparatory WRT for 1 week, training program including weighted rope jumping training (Table 1 -2) by repetition method for 3 days in a week and for 12 weeks was implemented by the WRT group together with the technical training. The control group followed only technical taekwondo training program for the same duration. Weighted rope with trade mark Powerope (V3067) that has 260 cm length and 600 gr rope weight, and 695 gr total weight was used for the WRT group in the study. At first athletes are informed about the implementation of the test orally, and then demonstrations are made practically. All subjects and their parents had read and signed an institutionally approved informed consent form before the evaluations. The study was approved by the Ethics Committee of University, and each subject provided a written informed consent before participation.
Exclusion criteria were: 1) having had lower extremity pain in movement rated at least 3/10 on an 11 point numeric rating scale; 2) having a systemic pathology including inflammatory joint disaese; 3) having had active intervention related to lower extremity pathology in last 3 month; 4) having taken anti-inflamatory medication in the past two weeks. Measurements were taken by the researcher under the same environmental conditions in the laboratory medium. Firstly, all subjects were instructed in detail about the experiment procedure and location of measurement devices. The research operated the Optojump system (Microgate, Bolzano, Italy) to assess leg reaction time. Visual and audiotory reaction time was measured in pre and post-weigthed rope training conditions. The subject started in a position with knees bent at 90°, hands on the waist. The foot who executed the test was inside the testing area, and the other outside the perimeter.
The subject must raise the foot (bending the knee), as quick as he can, when receiving a visual or audiotory stimulus. Optojump systemrecorded the reaction time.
SPSS 16 package program (Statistical package for social sciences) was used for statistical analysis of the data. After looking at the normality distribution with the Shapiro-Wilk test,Differences between the pre-and post-tests within the groups were analyzed using the "Paired sample T test" and between the groups by "Independent sample T test" at p <0.05 significance level. The results of this study showed that the WRT decreased both the visual and the audiotory reaction time of non-dominant leg from pre to post-training (p=0.00, p=0.01 respectively). While the post-training audiotory reaction time of non-dominant leg was not different statistically between the WRT and control group (p=0.14) (Figure 1 ), the post-training visual reaction time of the non-dominant was significantly lower in the WRT group compared to the control group (p=0.00). There were no significant differences between the pre-training audiotory and visual reaction time of both groups in dominant and non-dominant leg (p>0.05) (Figure 1-2) . Although the pre-training audiotory and visual reaction times of dominant were similar between the groups (p>0.05), the posttraining visual reaction time of dominant leg was significantly lower in the WRT group compared to control group (p=0.01). 
RESULTS

DİSCUSSİON
Jump rope is one of the most important training tools in martial arts such as boxing, tennis, wrestling and taekwondo. When we look at the literature, jumping exercises seem to play an important role in the development of the cardiovascular system and in maintaining muscle strength and maintaining continuity (6, 10) . Although weighted rope jumping training is nowadays a popular jumping practice, it is not a thoroughly explored training method in terms of performance. The effects of weighted rope training have been investigated in a limited number of studies (10, 13, 14) . In a similar study to our work, Orhan (14) reported that basketball players' weighted rope training improved both dominant and non-dominant reaction times in the upper extremity. The result of this study is similar to our research.
This study focuses on the effect of 12-week weighted rope training on the lower extremity reaction time of taekwondo players. The data show that the 12 week weighted rope training clearly reduces the reaction time. While in the nondominant foot of the control group, there was no change in visual and auditory reaction time compared to the pre-training period, both the visual and auditory reaction times were reduced in the non-dominant foot of the WRT group after 12 weeks of training. Despite the fact that there is no significant difference in intergroup comparisons of post-training reaction time of non-dominant foot, the decrease in the WRT group as compared with the control group is remarkable regarding arithmetic mean.
When the changes in dominant foot reaction time were examined, no statistically significant change was observed in the visual and auditory reaction time of the control group compared to pre training. In the WRT group, there is no statistical change in the pre-training auditory reaction time, while the visual reaction improves. Lindorf et al., (9) performed a 6-week neuromuscular training consisting of 26 physically active jumping exercises with similar content to our training schedule. It has been reported that as a result of neuromuscular training, lower extremity reaction times of the subjects became better.
Limitations of studies on weighted rope training and role training indicate the necessity of this research. This study reveals what effects weighted rope exercises have on the lower extremities in the neuromuscular sense. Given the results of the study, it was seen that weighted rope training reduced the lower extremity reaction time positively. we recommend this program to the coaches in areas where the reaction time of the lower extremity is very important such as Taekwondo. In the future, researchers who will be working on this issue are encouraged to investigate what will be achieved in the upper extremity as well as in the lower extremity.
